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ABSTRACT 

We present Chandra ACIS-I X-ray observations of 0FGL J131 1.9-3419 and 0FGL J1653.4-0200, the two 
brightest high Galactic latitude (| \b\ >10°) y- ray sources from the three-month Fermi Large Area Telescope 
(LAT) bright source list that are still unidentified. Both were also detected previously by EGRET, and despite 
dedicated multi-wavelength follow-up, they are still not associated with established classes of y - ray emitters like 
pulsars or radio-loud active galactic nuclei. X-ray sources found in the ACIS-I fields of view are cataloged, and 
their basic properties are determined. These are discussed as candidate counterparts to 0FGL J 1 3 1 1 .9 — 3419 and 
0FGL J1653.4— 0200, with particular emphasis on the brightest of the 9 and 13 Chandra sources detected within 
the respective Fermi - LAT 95% confidence regions. Further follow-up studies, including optical photometric and 
spectroscopic observations, are necessary to identify these X-ray candidate counterparts in order to ultimately reveal 
the nature of these enigmatic y- ray objects. 

Key words: galaxies: active - gamma rays: general - pulsars: general - X-rays: general 
Online-only material: color figures 


1. INTRODUCTION 

Since its launch in 2008, the Fermi Large Area Telescope 
(LAT; Atwood et al. 2009) has enabled substantial progress in 
our understanding of the high-energy (HE; >100 MeV) y- ray 
universe. A long-standing problem in the field has been in the 
secure identification of discrete HE y- ray sources, with most 
objects detected previously by COS B (Swanenburg et al. 1981) 
and EGRET (Hartman et al. 1999; Casandjian & Grenier 2008) 
remaining unidentified prior to the present Fermi -era. These 
sources have eluded identification mainly due to high source 
confusion in the poorly localized y- ray regions with typical 
95% confidence radii, r 95 ~ Of 4-0. 7 in the 3rd EGRET catalog 
(3EG; Hartman et al. 1999). Also, for variable HE emitters (e.g., 
Tavani et al. 1997; Nolan et al. 2003), there was a lack of prompt 
response to the y- ray events, with much of the multi-wavelength 
follow-up work pursued many years later (e.g., Paredes et al. 
2008). 

Multi-wavelength follow-up observations of unidentified 
3EG sources attracted much effort, but met with mixed success 
(see Mukherjee & Halpern 2004, for a summary). The LAT’s 
all-sky monitoring capability (20% of the sky at all times), its 
increased sensitivity (>10x better than EGRET), and dramati- 
cally improved localizations over EGRET, has enabled many of 
the unidentified EGRET sources to be successfully associated 
with lower-energy counterparts. The dominant y -ray-emitting 
population consists of radio-loud active galactic nuclei (AGNs), 
including blazars and radio galaxies. Perhaps unexpectedly, a 
substantial population of new y- ray pulsars have been identi- 
fied (y- ray pulsations detected via a blind search or using known 
radio ephemerides), along with a handful of pulsar wind nebula, 
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supernova remnants, and y- ray binaries. While the population of 
EGRET unidentified sources has quickly diminished, the num- 
ber of fainter unidentified Fermi-L AT y - ray objects has been 
increasing (see Nolan et al. 2012, for a summary). 

As part of a systematic study of Fermi-CAT unidenti- 
fied sources in X-rays, including Suzaku (e.g., Maeda et al. 
2011; Takahashi et al. 2012), Swift (Falcone et al. 2011), and 
XMM-Newton (e.g., Wolff et al. 2010), we obtained new 
Chandra observations in cycle- 11 covering the fields of five 
unidentified high Galactic latitude sources from the initial 
three-month Fermi-LAA bright source list (0FGL; Abdo et al. 
2009a). With its large field of view (FOV; 17' x 17', sufficient to 
cover the LAT 95% confidence regions completely) and excel- 
lent sensitivity (5a flux sensitivity of ~1.5x 10~ 14 erg s _l cm -2 , 
0.5-8 keV), Chandra observations allow for a sensitive study 
of all X-ray sources within the LAT localization regions. 
For the three targets subsequently identified as pulsars, PSR 
J2214+3002/0FGL J2214.8+3002 (Ransom et al. 2011) and 
PSR J2241— 5236/0FGL J2241. 7-5239 (Keith et al. 2011), 
and a possible radio-quiet millisecond pulsar (MSP) in 0FGL 
J2339.8— 0530 (Kong et al. 2012), we reported the results of 
our Chandra observations in those papers. Here, we present 
the results of the Chandra study of the remaining two objects 
(0FGL J131 1.9-3419 and 0FGL J1653.4-0200). 9 These 
Fermi - LAT sources were detected previously by EGRET, 
as 3EG J1314— 3431/EGR J1314— 3417 and 3EG J1652- 
0223 /EGR J1653— 0249 (Hartman et al. 1999; Casandjian & 
Grenier 2008), and are two of the brightest remaining unidenti- 
fied sources from that era. 

9 Throughout, we retain the 0FGL names although newer information, 

particularly from the 2FGL release, are used. For reference, the various 

Feraii-LAT catalog names for the sources studied in this paper are 0FGL 

J131 1.9-3419 = 1FGLJ131 1.7-3429 = 2EGL J1311.7— 3429 and 0FGL 

J1653.4— 0200 = 1FGL J1653.6— 0158 = 2FGL J1653.6-0159. 
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Table 1 

Chandra Observational Summary for the Two Targets 


Name 

Pointing Center 

LAT Centroid 

ObsID 

Start Time 

Net Exp. 


R.A. 

Decl. 

l (deg) 

b (deg) 


in 2010 (UT) 

(ks) 

0FGL J1311.9— 3419 

13 11 49.68 

-34 29 31.2 

307.686 

+28.195 

11790 

Mar 21 15:38:54 

19.87 

0FGL J1653.4— 0200 

16 53 43.68 

-01 58 30.0 

16.593 

+24.931 

11787 

Jan 24 06:21:27 

20.77 


Notes. The positions are the pointing centers (J2000.0 equinox) set at the time of the observations and the LAT centroids are the 2FGL catalog values in 
Galactic coordinates. The Chandra observation ID (ObsID), start time, and net exposure (Net Exp.) are also provided. 


In the following, we describe the analysis of the Chandra 
observations in Section 2, including the X-ray detection and 
characterization methods (Section 2.1) and a more detailed 
analysis and discussion of individual X-ray sources found within 
and near the LAT localization regions (Section 2.2). Results 
from a search for positional matches with archival optical, near- 
infrared, mid-infrared, and radio catalogs are also summarized 
in Section 2.2. We then discuss the general population of X-ray 
sources as potential counterparts to the y-ray objects with 
particular emphasis on the aforementioned brightest Chandra 
sources (Section 3), and conclude with a summary of the results 
(Section 4). 

2. CHANDRA X-RAY OBSERVATIONS 

We obtained Chandra X-Ray Observatory observations of the 
two targets in early 2010 with ~20 ks exposures each (Table 1). 
At the time of the observational planning, the available LAT 
localization errors based on three months of data (r y5 = 1 2'2 
and 9'5; Abdo et al. 2009a) and from an internal Fermi- LAT 
team analysis of six months of data (rgs ~ 4'-5') were still 
relatively large. We thus opted for the larger FOV provided by 
the ACIS-I detector (~17' x 17') over ACIS-S (~8' x 8') to 
ensure sufficient coverage of the LAT error regions. With the 
currently available analysis of two years of LAT data from the 
2FGL catalog (Nolan et al. 2012), the localization errors have 
since improved to rgs ~ 2!0 for 0FGL J 13 1 1 .9 — 3419 (Figure 1 ) 
and ~3!6 for 0FGL J1653.4— 0200 (Figure 2), and we utilize 
these values for the remainder of this paper. 

The observations were obtained in FAINT mode at the nomi- 
nal ACIS-I aim point centered toward the corner of one (13) of its 
four 2x2 arrayed CCDs. The default dithering mode of Chandra 
observations enables exposure in the gaps between the CCDs, 
but obviously with decreased effective area. In this context, the 
brightest Chandra source (CXOU J131145. 7— 343030) within 
the 2FGL error ellipse of 0FGL J 1 3 1 1 . 9— 34 1 9 fell in such a gap . 
This resulted in a smaller effective area at its position (~2 1 5 cm 2 
at 1 .5 keV compared with the maximum value of ~500 cm 2 in 
the field; see Section 2.1 and the Appendix), thus decreasing 
its observed count rate and statistics for temporal and spectral 
analysis (Section 2.2). 

2.1. Analysis of the ACIS-I Fields 

For the analysis, we used the CIAO software (Fruscione 
et al. 2006) version 4.2, with updated calibration files from 
CALDB version 4.2.2, and the ACIS Extract (Broos et al. 
2010) software version 2010-02-26. The data were downloaded 
from the Chandra data archive and reprocessed from the level 
1 (evtl) files following the standard CIAO procedure: (1) we 
created a new ACIS bad pixel file using acis_run_tiotpix, 
(2) we ran acis_process_events to create anew evtl file with 
the calibration applied, (3) we identified afterglows (cosmic-ray 
residual events) in the CCDs using acis_detect_afterglow, 


and (4) we filtered the data on grade, status, and good time, 
generating two level 2 (evt2) files following the recipe of Broos 
et al. (2010, Appendix A therein). In the last step, a more 
aggressive afterglow cleaning was applied to one evt2 file for 
the source detection, while less aggressive afterglow cleaning 
was applied to the second for the actual source extraction and 
analysis. We checked the evt2 files for background flares and 
none were detected. 

To search for candidate X-ray sources over the four ACIS-I 
chips covering each field, we ran wavdetect in the full energy 
band (0.5-8 keV) and in the two sub-bands, 0.5-2 keV (soft) 
and 2-8 keV (hard), using images binned by 0.5, 1, and 2 ACIS 
pixels ((y.'492 pixel -1 ). The resultant source lists found in each 
run were merged to produce a single master list. We then used 
ACIS Extract to excise insignificant candidate sources, to scan 
for sources containing afterglow events, to refine the source 
positions, and to perform photometric, spectral, and temporal 
analysis. 

For both targets, 97 total sources were found in our analysis 
of each of the two ACIS-I fields and the complete source lists are 
tabulated in Appendix A. Included in the tables are the source 
identifiers in the form of a catalog number (A; ordered from 
increasing R.A.) and a CXOU J2000.0 coordinate based name, 
source positions (R.A. and deck in 12000.0) and corresponding 
errors ( r , statistical only). 10 The catalog numbers of the X-ray 
sources in the central 12' x 12' portion of the Chandra images 
are marked in Figures 1 (0FGL J131 1.9-3419) and 2 (0FGL 
J1653.4— 0200). We also provide the source distance from the 
Chandra aim point, the effective area at 1.5 keV, net X-ray 
counts in each of the 0.5-8 keV, 0.5-2 keV, and 2-8 keV en- 
ergy ranges, along with their respective source significances in 
standard deviations (a) and probabilities (Pb) determined by 
ACIS Extract for the null source hypothesis. To gauge vari- 
ability, a one-sample Kolmogorov-Smirnov (KS) statistic was 
used to calculate the probability, P K _s, for the null hypothesis of 
a uniform flux for all sources. Following Broos et al. (2010), we 
identify five X-ray sources in each of the two fields to be pos- 
sibly variable (0.005 < P K -s < 0.05), and the remaining show 
no evidence for variability (Pk-s > 0.05); see Appendix A for 
details. One of the possibly variable sources is located within the 
2FGL 95% localization of 0FGL J1653.4-0200 (Section 2.2), 
while the rest are positioned outside of the 95% confidence 
ellipses. 

In order to discuss the most likely candidate X-ray coun- 
terparts to the unidentified y-ray sources, we consider only 


10 Comparing our list of X-ray sources with USNO B 1 .0 catalog matches, we 
found a negligible offset in the 0FGL J131 1.9— 3419 field positions, but a 
systematic offset of (y/52 ± 07 39 in the 0FGL J1653.4— 0200 field positions 
(see Appendix B for details). This is within the expected systematic 
uncertainty of O'.' 6 in Chandra’s astrometry (see 

http://cxc.harvard.edu/cal/ASPECT/celmon/), which, when considering 
absolute positional errors, should be added in quadrature with the statistical 
values. 
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Figure 1. Chandra ACIS-I image of the central 12' x 12' field of OFGL J131 1.9— 3419 with 2FGL 95% confidence error ellipse plotted (cyan). The image was binned 
by 2 x 2 pixels (d'A92 pixel -1 ) and Gaussian smoothed with a kernel radius of 3 pixels. X-ray sources lying within this FOV are marked with their corresponding 
catalog numbers and are divided into sources outside (white) and inside (yellow: detections; red: tentative sources) the 2FGL ellipse. 

(A color version of this figure is available in the online journal.) 


the Chandra detected sources within the 2FGL 95% confi- 
dence error ellipses. As the LAT localization errors for the 
two targets are different, we set separate detection thresholds, 
P B < 5.4 x 10 -6 for OFGL J 13 11. 9— 3419 and <1.8 x 1(T 6 for 
OFGL J1653.4— 0200, in any of the three defined X-ray energy 
bands. This corresponds to less than one false positive source due 
to background fluctuations within each 2FGL ellipse. For OFGL 
J 131 1.9-3419 and OFGL J 1653. 4-0200, we detected nine and 
13 such X-ray sources, while an additional two and seven tenta- 
tive ones (those that did not pass the detection threshold) were 
found, respectively. In Table 2, we provide selected information 
for these X-ray sources taken from Appendix A. It is apparent 
from the table that our choices for the probability thresholds di- 
vided detected X-ray sources into ones with >4 net counts and 
>1.0a in the full (0.5-8 keV) band, while those with ~3 net 
counts and < 1 .0 a were deemed tentative. The detected sources 
are indicated by yellow markers in Figures 1 and 2, while the 
tentative ones are indicated by red markers (the latter are no 
longer discussed in the main text of the paper). In Table 2, we 
also provide 0.5-8 keV fluxes. For the brightest sources (CXOU 
J131 145.7-343030 = N35, CXOU J165338. 0—015836 = N38, 
and CXOU J 16534 1.4-0 15927 = N44), the fluxes are from de- 
tailed spectral fits (Section 2.2), while for the remaining fainter 
sources, we estimated fluxes using exposure corrected count 


rates and a conversion 10~ 3 counts s -1 = 10~ 14 erg s -1 cm -2 , 
calculated from PIMMS 1 1 assuming a single power law with 
photon index, T = 2. 

2.2. Further X-Ray Analysis for Selected Sources and 
Multi-wavelength Counterpart Matches 

Several X-ray sources have sufficient statistics to perform 
more detailed spectral and temporal analysis and these re- 
sults are presented in the following (Sections 2.2.1 and 2.2.2). 
Specifically, we studied the brightest X-ray sources within 
the 2FGL error ellipses, namely, CXOU J13 1145.7-343030 
(Figure 1) and CXOU J165338.0— 015836 (Figure 2), with 
respective 0.5-8 keV count rates of (2.72 ± 0.37) x 
10~ 3 counts s” 1 and (14.78 ± 0.84) x 10 -3 counts s -1 . As 
mentioned (Section 2), the former count rate is relatively low be- 
cause the X-ray source fell on a gap between the ACIS-I CCDs. 
Another X-ray bright source (CXOU J131 145.7-343030; 
(5.73 ± 0.54) x 10~ 3 counts s -1 ) just outside and to the south 
of the 2FGL error ellipse (Figure 1) was previously detected in 
a Suzaku observation (Maeda et al. 2011), so it is also discussed 
here. Light curves for these sources were generated (Figure 3), 


1 1 http://cxc.harvaid.edu/toolkit/pimms.jsp 
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Figure 2. Same as in Figure 1, but for OFGL J1653.4— 0200. In addition, the NVSS 1.4 GHz radio contours for NVSS J165348.44— 015958.7 (discussed in Section 3) 
are indicated in green contours (levels of 1.5, 2.1, and 3.0 mjy beam 1 : 45" beam). 

(A color version of this figure is available in the online journal.) 


confirming the finding based on the KS test (Section 2.1) that 
there is no significant X-ray variability within the ~20 ks obser- 
vation span. Their X-ray spectra, along with that of the second 
brightest X-ray source within the 2FGL error ellipse of OFGL 
J1653.4— 0200 (CXOU J165341.4-015927) were analyzed us- 
ing XSPEC vl2, considering Galactic absorption (/V H ,Gai) values 
from Kalberla et al. (2005). These X-ray spectral fitting results 
are summarized in Tables 3 and 4. 

From the KS test applied to all the detected X-ray sources 
(Section 2.1), only one source with possible variability is 
detected within a Fermi - LAT localization ellipse and notes are 
provided on this object (CXOU J165337.2-020020 in OFGL 
J1653.4— 0200). Spectral results are additionally provided for 
the bright, prominent X-ray source, CXOU J1653 15.6—015822 
(seen toward the right edge of Figure 2), found outside of 
its corresponding 2FGL localization ellipse. For the remaining 
sources, the statistics allow us to only broadly characterize the 
hardness or softness of their X-ray spectra. 

The typical subarcsecond localizations provided by our 
Chandra observations (Table 2 and Appendix A) allow us to 
search confidently for optical, near-infrared, mid-infrared, and 
radio counterparts to the X-ray sources using the USNO B1.0 
(Monet et al. 2003), Two Micron All Sky Survey (2MASS; 
Skrutskie et al. 2006), WISE (Wright et al. 2010) from the 


preliminary data release (WISEP; Cutri et al. 2012), and NVSS 
(Condon et al. 1998) catalogs. The results of the USNO B1.0, 
2MASS, and WISEP catalog matches for the 97 X-ray sources 
detected in each of the two ACIS-I fields are presented in 
Appendix B. Of the X-ray sources within the 2FGL 95% 
confidence error regions of OFGL J131 1.9—3419 and OFGL 
J1653.4— 0200, and considering optical/infrared sources within 
2" of the X-ray positions, we found 2/9 and 3/13 of the 
detected sources with USNO B1.0 counterparts, respectively. 
Of the Chandra / USNO B1.0 matches, there was one case in 
OFGL J 13 11.9—3419 where a WISEP match was also found 
(but without an 2MASS counterpart), and two cases in OFGL 
J1653.4— 0200 with 2MASS and WISEP counterparts also. 
There were single detected X-ray sources within the two 2FGL 
error ellipses where we found possible matches with a WISEP 
source, but without counterparts in the USNO B 1 .0 and 2MASS. 
Specific notes are provided for the optical/infrared matched 
Chandra sources in the following subsections. None of the X-ray 
sources in the two ACIS-I fields had radio counterparts in the 
NVSS catalog (45" resolution at 1 .4 GHz with typical sensitivity 
level of ~2.5 mjy) out to a 45" search radius. In fact, within the 
2FGL 95% confidence ellipses of the two y-ray objects, only 
one NVSS source is found (within OFGL J 1653.4 — 0200; see 
Figure 2) and it is briefly discussed in Section 3. 
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Table 2 

Detected and Tentatively Detected (Catalog Numbers, N , Marked with Asterisk) Chandra X-Ray Sources within the 2FGL Error Ellipses of 

OFGL J13 11.9-3419 and OFGL J1653.4-0200 


N 

CXOU Name 

r 

n 

Counts 
(0.5-8 keV) 

a 

Counts 
(0.5-2 keV) 

Counts 
(2-8 keV) 

Aq. 5— 8keV 

OFGL J131 1.9—3419 

26 

J131 139.3-342829 

0.23 

5.9 (+3.6/— 2.4) 

1.6 

4.0 (+3.2/— 1.9) 

1.9 (+2.7/- 1.3) 

0.3 

27 

J13 1140.0-343023 

0.30 

3.9 (+3.2/— 1.9) 

1.2 

2.0 (+2.7/- 1.3) 

1.9 (+2.7/- 1.3) 

0.2 

29 

J131 141.9— 342955 

0.19 

6.9 (+3.8/— 2.6) 

1.8 

1.0 (+2.3/— 0.8) 

6.0 (+3.6/— 2.4) 

0.4 

31 

J13 1143.7-342749 

0.26 

3.9 (+3.2/— 1.9) 

1.2 

3.0 (+2.9/— 1.6) 

0.9 (+2.3/— 0.8) 

0.2 

33 

J131 144.6-343100 

0.24 

4.9 (+3.4/— 2.2) 

1.4 

2.0 (+2.7/— 1.3) 

3.0 (+2.9/— 1.6) 

0.3 

35 

J131 145.7— 343030 

0.07 

54.0 (+8.4/— 7.3) 

6.4 

32.0 (+6.7/— 5.6) 

22.0 (+5.8/— 4.7) 

10.3 

38 

J13 1146.4-343050 

0.18 

7.9 (+4.0/— 2.8) 

2.0 

2.0 (+2.7/— 1.3) 

6.0 (+3.6/— 2.4) 

0.4 

40 

J131 147.0-342953 

0.21 

4.0 (+3.2/— 1.9) 

1.2 

3.0 (+2.9/- 1.6) 

1.0 (+2.3/— 0.8) 

0.2 

47 

J13 1150.5-343029 

0.23 

3.9 (+3.2/— 1.9) 

1.2 

3.0 (+2.9/— 1.6) 

1.0 (+2.3/— 0.8) 

0.2 

30* 

J131 143.3-342826 

0.27 

2.9 (+2.9/— 1.6) 

1.0 

—0.0 (+1.9/— 0.0) 

3.0 (+2.9/— 1.6) 

0.2 

42* 

J131 149.0-342829 

0.23 

3.0 (+2.9/— 1.6) 

1.0 

1.0 (+2.3/ — 0.8) 

2.0 (+2.7/— 1.3) 

0.2 

OFGL J1653.4— 0200 

17 

J165324.6— 015932 

0.40 

10.5 (+4.4/— 3.3) 

2.4 

6.8 (+3.8/— 2.6) 

3.7 (+3.2/— 1.9) 

0.7 

24 

J165328.4— 020009 

0.28 

13.7 (+4.8/— 3.7) 

2.8 

11.9 (+4.6/— 3.4) 

1.8 (+2.7/— 1.3) 

0.8 

29 

J165334.5— 020230 

0.38 

13.5 (+4.8/— 3.7) 

2.8 

7.8 (+4.0/— 2.8) 

5.7 (+3.6/— 2.4) 

0.7 

31 

J165334.8— 015803 

0.23 

4.9 (+3.4/— 2.2) 

1.4 

3.0 (+2.9/— 1.6) 

2.0 (+2.7/- 1.3) 

0.3 

35 

J165337.0— 020211 

0.49 

5.6 (+3.6/— 2.4) 

1.6 

4.8 (+3.4/— 2.2) 

0.8 (+2.3/— 0.8) 

0.3 

37 

J165337.2— 020020 

0.18 

1 1.9 (+4.6/— 3.4) 

2.6 

5.0 (+3.4/— 2.2) 

6.9 (+3.8/— 2.6) 

0.6 

38 

J165338.0— 015836 

0.03 

306.9 (+18.5/— 17.5) 

16.6 

198.0 (+15.1/— 14.1) 

109.0 (+11.5/— 10.4) 

23.1 

44 

J165341.4— 015927 

0.10 

18.9 (+5.4/— 4.3) 

3.5 

17.0 (+5.2/— 4.1) 

2.0 (+2.7/— 1.3) 

0.7 

49 

J165342. 8— 020144 

0.38 

5.8 (+3.6/— 2.4) 

1.6 

5.9 (+3.6/— 2.4) 

-0.1 (+1.9/— 0.0) 

0.3 

51 

J165343.4— 015841 

0.16 

5.9 (+3.6/— 2.4) 

1.6 

6.0 (+3.6/— 2.4) 

-0.0 (+1.9/— 0.0) 

0.3 

57 

J165346.0— 020133 

0.28 

8.8 (+4.1/— 2.9) 

2.1 

6.9 (+3.8/— 2.6) 

1.9 (+2.7/- 1.3) 

0.5 

58 

J165346.7— 020109 

0.21 

1 1.8 (+4.6/— 3.4) 

2.6 

5.9 (+3.6/— 2.4) 

5.9 (+3.6/— 2.4) 

0.6 

64 

J165349.4— 015818 

0.20 

6.0 (+3.6/— 2.4) 

1.7 

1.0 (+2.3/— 0.8) 

5.0 (+3.4/— 2.2) 

0.5 

22* 

J165326.9— 015741 

0.61 

2.7 (+2.9/— 1.6) 

0.9 

1.9 (+2.7/- 1.3) 

0.8 (+2.3/— 0.8) 

0.2 

25* 

J165330.0— 015827 

0.45 

2.8 (+2.9/- 1.6) 

1.0 

1.9 (+2.7/- 1.3) 

0.9 (+2.3/— 0.8) 

0.2 

26* 

J165331.4— 020137 

0.73 

2.6 (+2.9/- 1.6) 

0.9 

-0.2 (+1.9/— 0.0) 

2.8 (+2.9/- 1.6) 

0.1 

27* 

J165332.8— 015902 

0.37 

2.9 (+2.9/— 1.6) 

1.0 

0.9 (+2.3/— 0.8) 

1.9 (+2.7/- 1.3) 

0.2 

30* 

J165334.8— 02003 1 

0.43 

2.9 (+2.9/— 1.6) 

1.0 

-0.1 (+1.9/— 0.0) 

2.9 (+2.9/- 1.6) 

0.2 

47* 

J165342.4— 020034 

0.36 

3.0 (+2.9/— 1.6) 

1.0 

2.0 (+2.7/- 1.3) 

1.0 (+2.3/— 0.8) 

0.3 

56* 

J1 65345 .5—020209 

0.63 

2.7 (+2.9/- 1.6) 

0.9 

0.8 (+2.3/— 0.8) 

1.8 (+2.7/- 1.3) 

0.1 


Notes. Listed are the J2000.0 coordinate based names, error radius (r), net counts in each of the three defined energy bands, and significance (rr ) in the 
0.5-8 keV band. The 0.5—8 keV fluxes (Fb.5-8keVi in units of 10” 14 erg s -1 cm -2 ) are from the spectral fits for the brightest sources (Tables 3 and 4), 
while the estimates for the remaining fainter sources are described in Section 2.1. 


2.2.1. OFGL J131 1.9-3419 Field 

CXOU J131 143.7-342749 (N31). We found that this X-ray 
source is the only other source (the other case be- 
ing CXOU J131 145.7-343030 below) within the OFGL 
J131 1.9—3419 2FGL ellipse with an optical counterpart. With 
only ~4 net counts detected in the 0.5-8 keV band (1.2er), its 
spectrum is undersampled. The X-ray centroid, however, is well 
determined (r — O'.' 26, statistical) and is offset by only O'.' 37 from 
an optical source (USNO B1.0 0555-0290806; B 2 = 19.67, 
R2 = 18.87, I = 18.33 mag) that has a mid-IR counterpart 
(WISEP J131 143.72-342749.9; W 1 = 15.790, W 2 = 15.302, 
W 3 = 11.432, W 4 = 7.954 mag), but no near-IR counterpart 
in the 2MASS. 

CXOU J 13 1145. 7—343030 (N35 ). This is the brightest X-ray 
source within the 2FGL error ellipse of OFGL J 1 3 1 1.9—3419. Its 
X-ray spectrum (Figure 4, left) is best fit with an absorbed single 
power law with T = 1 .3 ± 0.4 (/VH.Gai = 4.95 x 10 20 cm -2 ), and 
an observed 0.5-8 keV flux of (9.9^ 2 2 ' ®) x 10 -14 erg s -1 cm -2 . 
Due to the low statistics and the already low A'n oa! value, we 
found that the spectrum could also be fit without an absorption 


component, with r = 1.1 ±0.4. We quote the model parameters 
with the absorption included (Table 3) to compare to the Suzaku 
results from Maeda et al. (2011), who detected this source 
(named “src A” therein) on 2009 August 4, seven months prior to 
our Chandra observation. The Suzaku data revealed short-term 
variability in the form of a factor ~ 1 0 X-ray flare in the first 20 ks 
of the 100 ks duration observation (33 ks net exposure). The 
Suzaku measured photon index (T = 1.38 ± 0.13) is consistent 
with that measured in our Chandra observation, but the overall 
average 2-8 keV flux of (14.5 ± 1.8) x 10 -14 erg s -1 cm -2 is 
~2x larger. With the improved Chandra point-spread function 
over the Suzaku one, we detect several additional fainter X-ray 
sources near this bright source (e.g., N38 and N33; Figure 1), but 
due to their low count rates, they cannot be wholly responsible 
for the higher measured flux in the Suzaku observation. CXOU 
J 1 3 1 145. 7— 343030 was also detected toward the edge of the 
FOV of a Swift (Gehrels et al. 2004) observation (3.34 ks, 
ObsID 31358) from 2009 February 27 with the X-ray telescope 
(XRT; Burrows et al. 2005). The 0.3-10 keV XRT count 
rate of (4.5 ± 1.4) x 10 -3 counts s -1 is equivalent to a 
0.5-8 keV flux of ~2 x 10 -13 erg s -1 cm -2 , indicating a 
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Figure 3. Chandra ACIS-I (0.5-8 keV) light curves of the brightest X-ray 
source within (CXOU J131 145.7— 343030, top) and just outside and to the 
south (CXOU J131 147.0-343205, middle) of the 2FGL error ellipse of 0FGL 
J131 1.9— 3419, and the brightest X-ray source within the 2FGL error ellipses 
of 0FGL J1 653.4—0200 (CXOU J165338.0-015836, bottom). The data points 
are shown in time bins that are 4 ks (~10 counts per bin), 4 ks (~20 counts per 
bin), and 1.5 ks (~20 counts per bin) long, respectively. The times are indicated 
relative to the observation start times (Table 1 ) and the average count rates are 
indicated with horizontal dotted lines. 
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~2x brighter source about one year prior to the Chandra 
observation, providing further evidence that the X-ray source 
faded since 2009. We found that this bright Chandra source 
has an optical counterpart (USNO B1.0 0554-0289419, 0762 
offset) with B 2 — 21.02 mag. 

CXOU J131 147.0— 343205 (N39). Although this relatively 
bright X-ray source is outside (to the south) of the 2FGL error 
ellipse, we provide notes on it because it was the only other 
X-ray source detected in the Suzaku observation mentioned 
above (Maeda et al. 2011, “src B” therein). For an absorbed 
single power-law fit to the Chandra X-ray spectrum (Figure 4, 
right), we required an absorption component with a value, 
N h = (45^ 3 2 6 9 ) x 10 20 cm -2 , well above the Galactic one. The 
Chandra observed photon index and 2-8 keV flux (Table 3) 
are consistent with the Suzaku measured values of T = 1.34^^ 
and (12. OT 1 /®) x 10~ 14 erg s” 1 cm -2 , indicating a relatively 
stable X-ray flux on months’ timescale. This source was outside 
the FOV of the Swift XRT observation discussed above (ObsID 
31358). With the improved Chandra localization, we found 
a mid-infrared counterpart (WISEP J131 147.09— 343205.3; 
W 1 = 15.720, W2 = 14.949, W3 = 12.226, W4 = 

9.056 mag), but no corresponding source in the USNO B1.0 
or 2MASS catalogs. Other than being relatively bright in 
X-rays, its location outside of the 2FGL error ellipse does not 
make it a particularly likely counterpart to the y-ray source. 

CXOU J131 147.0— 342953 (N40). This faint X-ray source is 
the closest one detected to the 2FGL centroid (Figure 1). It has a 
possible mid-IR counterpart (WISEP J13 1 147. 15— 342953.5; 
Wl = 16.846, W2 = 16.408, W3 = 12.443, W 4 = 

8.721 mag) offset by l" 25 from the Chandra position. We found 
no optical and near-IR counterparts to this source to the limit of 
the USNO B1.0 and 2MASS catalogs, respectively. 


Table 3 

Chandra Spectral Parameters for the Brightest X-Ray Source within (CXOU 
J131 145.7-343030) and Just Outside and to the South of (CXOU 
J131 147.0-343205) the 2FGL Error Ellipse of 0FGL J131 1.9-3419 


Parameter 

CXOU J 1 3 1 1 45 .7- 343030 CXOU J 1 3 1 147.0- 343205 


Value and Error 

Value and Error 

Wt.Gal (10 20 cm' 2 ) 

4.95 (fixed) 

4.95 (fixed) 

A H (to 20 cm' 2 ) 


45+36 

^ — 29 

r 

1.3 ±0.4 

1.6 ±0.5 

c-stat/dof 

201/510 

297/509 

Fq. 5-8 kev: obs, unabs 

9.97 2 9 7 , 10.3 

I0.7* 1 /,, 14.5 

7*0.5 — 2 keV- obs, unabs 

2.47“ , 2.7 

2.07“, 5.3 

7*2-8 kev: obs, unabs 

7.57“, 7-6 

8.77 2 3 2 0 , 9.1 

Notes. These are the Suzaku detected sources, named src A and src B, 

respectively, by Maeda et al. (2011). Fluxes ( F) as 

observed (obs) and 

unabsorbed (unabs) are in units of 10~ 14 erg s -1 cm 

~ 2 . Errors quoted are 

at 90% confidence. 

Table 4 


As in Table 3, but for the Brightest (CXOU J165338.0- 

-015836) and Second 

Brightest (CXOU J165341.4-015927) X-Ray Sources within the 2FGL Error 


Ellipse of 0FGL J1653.4-0200 


Parameter 

CXOU J165338. 0—015836 CXOU J165341.4-015927 


Value and Error 

Value and Error 

Wt.Gal (10 20 cm" 2 ) 

8.18 (fixed) 


A h (10 20 cm' 2 ) 

0+13 

y -9 

0 + 27 

u -o 

r 

1.8 ± 0.3 


kT (keV) 


0 4 +0 - 2 

c-stat/dof 

335/509 

80/235 

Fq. 5 - 8 kev: obs, unabs 

19.3+tf 5 , 23.1 

n 7+0-2 . . . 

u - -0.3’ 

Fo.5— 2 keV : obs, unabs 

6.07 0 /.,, 9.5 

0 5 +01 • • • 
u -0.2’ 

7*2—8 keV • obs, unabs 

13.37 2 3 2 , 13-6 

0 2 +0 - 2 • • • 
u -0.2’ 


The remaining detected X-ray sources within the 2FGL error 
ellipse have a range of ~4-8 net counts (0.5-8 keV), insufficient 
for detailed spectral or temporal analysis. None have optical/IR 
counterparts found within 2" of the Chandra positions. Of these, 
it is worth noting that the two most significant sources appear 
to have the hardest X-ray spectra, with the ratio of 2-8 keV / 
0.5-8 keV counts, —6/7 (CXOU J 13 1141. 9-342955, N29) and 
—6/8 (CXOU J131 146.4-343050, N38). 

2.2.2. 0FGLJ 1653.4-0200 Field 

CXOU J165315. 6— 015822 (N8). This is the brightest X-ray 
source detected in the ACIS-I field of 0FGL J1653.4-0200, 
but is 514 offset from the 2FGL centroid and outside of the 
95% confidence error ellipse ( r — 3(6; see Figure 2). It 
was probably detected previously as the faint RASS source 
1RXS J 1653 12.9 — 015819 (Voges et al. 2000), being only 41" 
away. The Chandra position is coincident (07 50 offset) with 
the optical source USNO B1.0 0880-0368721 (B 2 = 18.47, 
R2 = 16.97, I = 16.96 mag), which is also detected in the 
near-IR (2MASS J16531562-0158224; J = 16.196, 

H = 15.560, K = 14.292 mag) and mid-IR (WISEP 
J 1653 15.62—015822.3; Wl = 12.599, W2 = 11.578, W3 = 
9.208, W 4 = 7.364 mag). Its X-ray spectrum (not shown) is 
well fit (c-stat/dof = 427/510) with an absorbed power law 
with r = 1.86 ± 0.08 (Nh.GhI = 8-18 x 10 20 cm' 2 fixed), and 
an observed 0.5-8 keV flux (14.1 ± 0.6) x 10 -13 erg s _1 cm' 2 
(15.7 x 10~ 13 erg s _1 cm' 2 , unabsorbed). Leaving the absorption 
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Figure 4. Chandra ACIS-I spectrum of the brightest X-ray source within the 2FGL error ellipse of 0FGL J131 1.9— 3419 (CXOU J131 145.7— 343030, N35; left), and 
of the bright X-ray source just outside (to the south of) the error ellipse (CXOU J1 31 147.0— 343205, N39; right). The top panels show the data points with the line 
indicating the best-fit absorbed single power-law models and the bottom panels show the ratio between the data and the models. 


as a free parameter, we found negligible change in the photon 
index (1 .83 ± 0. 13), and the derived N H = (7 ± 5) x 10 20 cm -2 
converges toward the Galactic value. The absence of a radio 
counterpart in the NVSS (~2.5 mJy limit at 1.4 GHz) makes 
it unlikely to be a y -ray-emitting AGN. Although this source 
is quite prominent in X-rays, its placement outside the 2FGL 
95% confidence ellipse means it is probably unrelated to 0FGL 
J1653.4— 0200. 

CXOU J165337. 2— 020020 (N37). This faint X-ray source 
near the measured 2FGL centroid is the only one within the LAT 
localizations of either source studied that is possibly variable 
(P K _ S = 0.012; Section 2.1). Note however that this result is 
based on only ~12 net counts detected. There is no optical 
counterpart to the ~21 mag limit of the USNO B1.0 catalog, 
nor was there a positional match in the 2MASS and WISEP 
catalogs. 

CXOU J165338. 0—015836 (N38). This is the brightest 
X-ray source found within the 2FGL error ellipse of 0FGL 
J1653.4— 0200. To its X-ray spectrum (Figure 5, left), we 
fitted an absorbed single power law with T = 1.8 ± 0.3, 
and found a hint of an additional absorption component with 
Ah = (9*g 3 ) x 10 20 cm~ 2 larger than the Galactic value 
(Ah, G al = 8.18 x 10 20 cm -2 ). We found that a pure power- 
law model without any absorption overestimates the soft part 
of the spectrum, and thus was a poor model for the data. This 
X-ray source was also detected in a snapshot Swift XRT ob- 
servation (4.85 ks, ObsID 31379) from 2009 March 22 with a 
0.3-10 keV count rate of (3.2 ± 1.1) x 10 -3 counts s -1 . This is 
equivalent to a 0.5-8 keV flux of ~16 x 10 -14 erg s -1 cm -2 , 
indicating a roughly stable flux relative to the Chandra ob- 
served value, ( 19 . 3 * 25 ) x 10~ 14 el 'g S_1 cm -2 (Table 4) obtained 
~10 months later. This X-ray source has an optical counterpart, 
USNO B1.0 0880-0369025 (B2 = 20.40, R2 = 19.41, and 
I = 20.0 mag), which is only 0'. , 28 offset from the Chandra 
determined centroid. 

CXOU J 165341 .4— 015927 (N44). This is the second bright- 
est X-ray source found within the 2FGL error ellipse of 0FGL 
J1653.4— 0200. Only ~19 net counts (0.5-8 keV) were found, 
with most of the counts (17) in the 0.5-2 keV range indicat- 
ing a soft X-ray spectrum. Despite the low statistics, the X-ray 
spectrum can be fit with a blackbody model (Figure 5, right), 


with temperature, kT = 0.4/ 1 , 2 keV, and absorption consis- 
tent with zero (Table 4). We found an optical source, USNO 
B1.0 0880-0369077 (B 2 = 20.58, R2 = 18.95, and / = 
17.05 mag) 0'.'68 offset from the X-ray centroid. The USNO 
source has a near-infrared (2MASS J16534140— 0159272; J = 
15.094, H = 14.469, K = 14.147 mag) and a mid-infrared 
(WISEP J165341.41— 015927.6; W 1 = 14.057, W2 = 13.843, 
W 3 = 12.569, W 4 = 8.667 mag) counterpart. 

CXOU J 165342.8— 020144 (N49). This is the only other 
X-ray source within the 2FGL ellipse of 0FGL J1653.4— 0200 
(other than the two mentioned sources above, N38 and 44) 
with a USNO B1.0 catalog match. The X-ray source is off- 
set by 0'.'32 from the relatively bright optical source (B 2 = 
16.64, R2 = 14.60, / = 14.16 mag), USNO B1.0 0879- 
0416658. The USNO source has a near-infrared (2MASS 
J 16534285— 0201450; / = 13.133, H = 12.575, K = 
12.492 mag) and mid-infrared (WISEP J165342.83-020145.1; 
W 1 = 12.420, W 2 = 12.429, W3 = 12.292, W4 = 
9.014 mag) counterpart. Although the source is faint (1.6a in 
the 0.5-8 keV band), all six of its detected counts are in the 
0.5-2 keV range indicating a soft spectrum. 

CXOU J165343.4— 015841 (N51). The X-ray spectrum of 
this faint source appears soft with all of its ~6 detected 
net counts in the 0.5-2 keV band. It is the only case of 
a detected X-ray source within the 2FGL ellipse of 0FGL 
J1653.4— 0200 that has a mid-IR counterpart (0 ".1 offset from 
WISEP J165343.52— 015840.6; W 1 = 16.245, W2 = 16.366, 
W 3 = 12.612, W4 = 8.882 mag) and without a match in the 
USNO B 1.0 and 2MASS catalogs. 

Among the remaining detected X-ray sources within the 
2FGL error ellipse, only ~5-14 net counts (0.5-8 keV) 
are observed per object. Although the statistics are limited, 
we found that several sources have most of their detected 
counts in either the 0.5-2 keV or 2-8 keV range, indicating 
soft and hard spectra, respectively. As was the case for the 
two faint sources noted above (CXOU J165342. 8— 020144 = 
N49 and CXOU J165343.4-015841 = N51), we found that 
CXOU J165328.4— 020009 (N24) has an indication for a soft 
spectrum, with a ratio of 0.5-2 keV /0.5-8 keV counts, ~12/14. 
Similarly, the hardest spectrum source has a ratio of 2-8 keV / 
0.5-8 keV counts, —5/6 (CXOU J165349.4— 015818 = N64). 
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Figure 5. Chandra ACIS-I spectrum of the brightest (CXOU J165338.0— 015836, N38; left) and the second brightest (CXOU J165341.4— 015927, N44; right) X-ray 
sources within the 2FGL error ellipse of 0FGL J1653.4— 0200. The top panels show the data points with the line indicating the best-fit absorbed single power-law and 
blackbody models, respectively, and the bottom panels show the ratio between the data and the models. 


The latter two sources do not have optical/IR counterparts at 
the sensitivity limits of the USNO B1.0, 2MASS, and WISEP 
catalogs. 

3. DISCUSSION 

The y-ray sources studied, 0FGL J 1 3 1 1 .9 — 3419 and 0FGL 
J1653.4— 0200, are the two brightest unidentified Fermi - LAT 
sources found at high Galactic latitudes. In fact, both have been 
detected by EGRET (Section 1), and the improved localizations 
provided now by the Fermi - LAT with rgs ~ 2 .'0-3' 6 (compared 
with the corresponding EGRET values ~34'-44'; Hartman et al. 

1999) allow us to address the counterparts with more certainty. 
From an X-ray perspective, our Chandra observations detected 
sources down to a 0.5-8 keV flux threshold of ~(0.2-0.3) x 
1 0“ 14 erg s -1 cm -2 (Table 2). This is much improved over 
typical flux limits of ~10~ 13 erg s -1 cm -2 achieved in all- 
sky surveys like the RASS (0. 1-2.4 keV; Voges et al. 1999, 

2000) . Also, existing pointed Swift and Suzaku observations 
(Section 2.2) detected only the single brightest source within 
the LAT error ellipses, compared with the 9 and 13 Chandra 
detected X-ray sources that can now be considered as potential 
counterparts to the LAT y-ray source. 

Due to their high Galactic latitudes, the most obvious can- 
didate counterparts to these unidentified y-ray sources would 
be extragalactic objects, specifically, blazars fainter than cur- 
rently cataloged. The LAT error circles of the high latitude 
objects have in fact been searched for blazars down to a radio 
flux limit of ~30 mJy (Abdo et al. 2009b), but even fainter 
blazars are now being found in large numbers, e.g., from cross- 
correlations of the SDSS/RASS/FIRST databases (e.g., Plotkin 
et al. 2008). In this context however, we found that none of the 
detected X-ray sources in either field had radio counterparts in 
the NVSS catalog (Section 2.2). In fact, only one (extended) ra- 
dio source was found within the 95% LAT error ellipse of 0FGL 
J1653.4— 0200 (below), with none detected within the 0FGL 
J131 1.9—3419 localization. The NVSS flux limit of ~2.5 mJy 
at 1 .4 GHz is ~ 1 0 x fainter than the faintest typical radio sources 
currently associated with Fermi-L AT y-ray blazars (Ackermann 
et al. 2011a, 2011b). This absence of radio sources in general, 
and the lack of point source counterparts to the X-ray detected 
objects specifically, allows us to rule out faint blazars as pos- 


sible counterparts of these sources. Radio-quiet AGNs are not 
currently known to be y-ray emitters, except for a few examples 
of nearby galaxies with substantial starburst contributions 
(Ackermann et al. 2011a, 2012; Lenain et al. 2010; Teng et al. 
2011), so even if the Chandra detected X-ray sources are con- 
firmed to be AGN, they are likely unrelated to the y-ray source. 

From a y-ray perspective, the faintest radio blazars tend to 
have harder HE y-ray spectra (T < 2), sometimes extending 
into TeV energies. Unlike these blazars, the two y-ray sources 
discussed are characterized by soft 0.1-100 GeV spectra, being 
parameterized with single power laws in the 1FGL catalog 
analysis (Abdo et al. 2010a) with slopes, Y — 2.25 ± 0.05 
(0FGL J131 1.9-3419) and 2.29±0.06 (0FGL J 1653.4-0200). 
In fact, a more detailed analysis of the longer two-year LAT 
data set presented in the 2FGL catalog indicated the HE spectra 
were best characterized as log-parabolas (Nolan et al. 2012), 12 
not typically observed in y-ray blazars (Abdo et al. 2010d). 
Moreover, unlike typical bright y -ray-emitting blazars, their 
variability indices of 17-19 are below the 41.6 threshold in 
the 2FGL catalog analysis (Nolan et al. 2012), indicating no 
significant y-ray variability within the 24 month data set. Ll 

Nearby radio galaxies have been found to be likely y-ray 
emitters (e.g., Ackermann et al. 2011a, and references therein) 
and it is possible that some fraction of the unidentified high 
Galactic latitude LAT sources could be unknown radio galaxies 
(i.e., “misaligned blazars”) that could be faint X-ray emitters 
(e.g., Canosa et al. 1999). In particular, steady y-ray emission 
from radio lobes is possible (Cheung 2007), as was observed in 
the nearby radio galaxy Centaurus A (Abdo et al. 2010e) and 
possibly in NGC 6251 (Takeuchi et al. 2012). In this context, 
the single radio source (NVSS J165348.44— 015958.7; 11.5 ± 
1.7 mJy at 1.4 GHz) found within the 0FGL J1653.4-0200 
error ellipse is extended, with measured elliptical dimensions, 
major axis = 125'.'4, minor axis <46"9 (i.e., unresolved in this 
direction), at position angle = 36°. Inspecting Figure 2, we see 


12 http://heasarc.gsfc.nasa.gov/FTP/fermi/data/lat/catalogs/source/lightcurves/ 
2FGL_J 131 Id7m3429_spec.png, http://heasarc.gsfc.nasa.gov/FTP/fermi/data/ 
lat/catalogs/source/lightcurves/2FGL_J 1 653d6m01 59_spec.png 

13 http://heasarc.gsfc.nasa.gov/FTP/fermi/data/lat/catalogs/source/lightcurves/ 
2FGL_J 131 Id7m3429_lc.png, http://heasarc.gsfc.nasa.gov/FTP/fermi/data/ 
lat/catalogs/source/lightcurves/2FGL_J 1 653d6m01 59_lc.png 
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that the Chandra sources N58 and N57 (within the 2FGL ellipse) 
and N69 (outside the 2FGL ellipse) are located near the extended 
tips of this radio source. If any of these Chandra sources are 
related to NVSS J165348.44-015958.7, it could plausibly mark 
a radio outflow from the X-ray source. However, the lack of an 
optically bright extended giant elliptical galaxy counterpart to 
any of these X-ray sources eliminates the possibility that these 
are nearby radio galaxies. Relatedly, young radio sources are 
expected to be steady y-ray emitters (e.g., McConville et al. 
201 1), but such objects are typically bright compact centimeter- 
wavelength sources and no such sources were found in the NVSS 
image within the LAT error regions in the present cases. 

As AGNs likely can be ruled out as potential counterparts, 
the remaining possibilities are open to debate. As both y -ray 
sources are located at mid Galactic latitudes (|7>| = 10° -30°; 
Table 1), there is the interesting possibility of isolated neutron 
stars associated with the y- ray sources, as was posited for 3EG 
J 1835+59 18 (Halpern et al. 2002, and references therein), and 
subsequently confirmed with Fermi-LAH observations of this 
(Abdo et al. 2010b) and other pulsars (Abdo et al. 2010c). 
Indeed, 0FGL J131 1.9-3419 and 0FGL J1653.4-0200 are 
two of nine total high Galactic latitude (\h\ > 10°) y- ray 
sources from the LAT bright source list (Abdo et al. 2009a) 
that were unidentified at the time. The other seven sources 
have all since been identified as pulsar powered sources. 
Specifically, they were predominantly identified as radio/y-ray- 
emitting MSPs— PSR J0614-3329, PSR J1231-1411, PSR 
J2214+3000 (Ransom et al. 2011), PSR J2241-5236 (Keith 
et al. 2011), and PSR J2302+4442 (Cognard et al. 201 1)— with 
one normal young pulsar (PSR J2055+25; Saz Parkinson et al. 
2010). The two subjects of the present study have been similarly 
searched for pulsating radio emission with null results in the 
past (based on their EGRET localizations; Crawford et al. 
2006) and in new searches of the Fermi error circles (Ransom 
et al. 2011). In the remaining case (0FGL J2339.8— 0530), the 
brightest Chandra X-ray source within the Fermi-LXT error 
ellipse was found to be a black widow-type MSP and is the 
likely counterpart of the y- ray source (Kong et al. 2012; see also 
Romani & Shaw 201 1). As in these other seven 0FGL cases, the 
LAT spectra of our remaining two unidentified objects display 
significant curvature 12 and are steady y- ray emitters, 13 so may 
point to a pulsar origin for them as well. 

In our Chandra observations of the MSPs identified with 
the LAT sources, PSR J2214+3000 (Ransom et al. 2011) and 
PSR J2241— 5236 (Keith et al. 201 1), the MSPs were spatially 
coincident with the brightest X-ray sources within the LAT 
error ellipses. The X-ray spectral analysis indicated a thermal 
origin with best-fit blackbody temperatures, kT ~ 0.2-0. 3 keV, 
with essentially no photons above 2 keV. Similar X-ray spectral 
results for the other identified pulsars were derived from XMM 
observations of PSR J2302+4442 (Cognard et al. 2011) and 
Swift observations of PSR J0614-3329 and PSR 11231-1411 
(Ransom et al. 2011); see also past XMM observations of 
the 0FGL J0614.3-3330 case (La Palombara et al. 2006). In 
fact, we found that several X-ray sources (Section 2.2) have 
soft spectra that appear thermal in origin. Taking the 2FGL 
(Nolan et al. 2012) observed 0.1-100 GeV y-ray fluxes for 
0FGL 11311.9-3419 (F y = 6.17 x 10~ u erg s' 1 cm" 2 ) and 
0FGL J 1653.4— 0200 (F y = 3.43 x 10~ n erg s' 1 cm" 2 ), the 
Chandra observations probe a range of X-ray 14 to y-ray flux 

14 To ease comparison with other works (see, e.g., Marelli et al. 2011), we 
extrapolated our 0.5-8 keV X-ray fluxes (Fo. 5 _ 8 kev) into 0.3-10 keV X-ray 
ones (F x ) assuming, F x = 1.25 x Fo. 5 - 8 keV- 


(or luminosity) ratios, Fx/F y < (2-8) x 10 3 corresponding to 
the brightest X-ray sources, and down to ~(0. 04-0.1) x 10 3 
for the faintest ones. For a pulsar interpretation, this probes 
the conversion ranges of spin-down powers to (nonthermal 
or thermal) X-rays for possible neutron star candidates (e.g., 
Mirabal et al. 2000). 

In contrast to the thermal X-ray sources discussed above, 
the brightest Chandra sources in our two cases show X-ray 
spectra that extend to ~7-8 keV and were best fit with single 
power-law spectra (Section 2.2). If these are the counterparts 
to the LAT sources, the objects are likely not normal pulsars 
or MSPs. The nonthermal X-ray spectra of these sources are 
similar to the case of CXOU J233938. 7— 053305, the putative 
counterpart of the (formerly) unidentified high Galactic lati- 
tude source 0FGL J2339.8-0530 (Kong et al. 2012). In the 
latter case, the spectrum is best characterized by an absorbed 
power-law model with T = 1.1 and a 0.3-10 keV X-ray flux 
of 3 x 1 0 13 erg s _1 cm -2 . Its black widow-like MSP nature 
was discovered after optical follow-up of the detected X-ray 
variable Chandra source revealed a 4.63 hr period of the binary 
derived via optical photometric (Kong et al. 2012) and spec- 
troscopic (Romani & Shaw 2011) monitoring. In our Chandra 
observations, we found only one faint X-ray source (CXOU 
1165337.2-020020, N37) within the 0FGL 11653.4-0200 er- 
ror ellipse to be possibly variable, albeit with limited statistics. In 
the case of CXOU J131 145.7— 343030, the bright source within 
the 2FGL ellipse of 0FGL 11311.9— 3419 that had a Suzaku dis- 
covered short-term flare (factor of 10 increase in the first 20 ks 
of the ~ 1 00 ks observation span), we found no significant vari- 
ability within our 20 ks Chandra observation. However, these 
observations together with a Swift snapshot, provided evidence 
for variability on months’ timescales also (Section 2.2). In this 
context, it may be fruitful to photometrically monitor the opti- 
cal counterparts to these X-ray sources (Section 2.2) for similar 
variability as in the case of CXOU J233938.7-053305. 

4. SUMMARY 

Chandra observations of the two brightest unidentified high 
Galactic latitude y-ray sources from the three-month Fermi- 
LAT bright source list were obtained. Both sources were previ- 
ously detected by EGRET, and remain two of the most enigmatic 
y-ray sources to date. The basic X-ray properties of all sources 
observed in the ACIS-I FOV were determined, with 9-13 X-ray 
sources detected within the respective Fermi- LAT error ellipses. 
Using existing catalogs (USNO B1.0, 2MASS, and WISE), the 
subarcsecond Chandra positions enabled us to locate optical, 
near-infrared, and mid-infrared counterparts to several of the 
X-ray sources. The ensemble of X-ray sources, focused primar- 
ily on the ones within the Fermi-L AT localizations, were further 
discussed as potential counterparts of the y-ray sources. Al- 
though existing all-sky optical/infrared catalogs returned only 
a handful of X-ray counterpart matches, our work enables future 
optical identifications if deeper images can be obtained. 

In the case of 0FGL J1311.9— 3419, the brightest X-ray source 
(CXOU J 1 3 1 145.7-343030) within the Fermi- LAT error ellipse 
is the most credible counterpart. This source was detected in 
a previous Suzaku observation with X-ray variability on sub- 
day timescales, and our newly presented Chandra (and Swift) 
observations suggest variability on longer timescales. Together 
with the power-law nature of the X-ray spectrum, it appears 
similar to the case of CXOU J233938. 7— 053305, a candidate 
black widow MSP that is the likely counterpart of a similar 
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131143.7-342749 197.93212 -34.46388 0.26 2.1 497 -1.48 3.9+3.2/-1.9 1.2 2.1e-06 3.0+2.9/-1.6 1.0 7.3e-06 0.9 +2.3/-0.8 0.4 4.9e-02 
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131234.9-342925 198.14571 -34.49055 0.80 9.0 396 -0.48 24.5 +6.4/-5.3 3.8 3.5e-15 20.8 +5.8/-4.7 3.6 2.8e-18 3.7 +3.6/-2.4 1.0 3.6e-02 

131236.3-343004 198.15137 -34.50131 0.83 9.3 416 -0.19 25.4 +6.5/-5.4 3.9 7.9e-16 5.0+3.6/-2.4 1.4 9.5e-04 20.4 +5.9/-4.8 3.5 1.4e-13 
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165418.2-020018 253.57588 -2.00523 1.30 8.9 363 -0.54 7.7 +4.6/-3.4 1.7 2.0e-03 6.3 +4.0/-2.8 1.6 5.3e-04 1.4 +3.2/— 1.9 0.4 2.7e-01 
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Table 7 

Potential Counterpart Matches to the Chandra X-Ray Sources from the USNO B1.0 Catalog 
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USNO B 1.0 Name 

Offset 

(") 

B2 

(mag) 

R2 

(mag) 

/ 

(mag) 

USNO B1.0 Position 
R.A. Decl. 

OFGL J131 1.9—3419 

20 

0555-0290744 

1.06 
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14.32 

13 11 34.425 

-34 29 20.44 
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0.37 
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13 11 43.735 

-34 27 49.78 

35 

0554-0289419 
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0.34 

21.00 

20.39 


13 12 06.126 

-34 31 52.63 

78 

0554-0289544 

0.22 

21.19 



13 12 07.411 

-34 31 07.71 

82 

0554-0289558 

1.81 

18.75 

18.15 

17.53 

13 12 09.823 

-34 34 38.80 

85 

0555-0290992 

0.95 

21.08 


18.69 

13 12 18.364 

-34 28 19.28 

89 

0555-0291020 

0.88 

18.97 

18.69 

17.82 

13 12 23.109 

-34 29 12.04 

91 

0555-0291038 

0.20 

13.11 

11.87 

11.38 

13 12 25.362 

-34 25 01.51 

96 

0555-0291083 

1.02 

20.48 

19.88 


13 12 34.909 

-34 29 25.27 

OFGL J1653.4— 0200 

8 

0880-0368721 

0.50 

18.47 

16.97 

16.96 

16 53 15.616 

-01 58 22.66 


0880-0368718 

1.85 


18.01 

19.27 

16 53 15.537 

-01 58 23.75 

23 

0881-0336447 

2.75 

20.59 

19.45 

20.06 

16 53 27.505 

-01 51 15.69 

25 

0880-0368904 

1.62 


19.89 


16 53 29.935 

-01 58 28.39 


0880-0368902 

1.67 

20.47 

19.28 

18.13 

16 53 29.928 

-01 58 27.65 

28 

0881-0336518 

0.79 

10.78 

9.56 

9.05 

16 53 33.598 

-01 52 59.72 

30 

0879-0416563 

1.77 


20.39 

19.33 

16 53 34.735 

-02 00 31.96 


0879-0416560 

2.95 


19.43 

19.10 

16 53 34.686 

-02 00 30.07 

36 

0879-0416588 

0.53 

19.72 

17.93 

18.01 

16 53 37.207 

-02 04 42.56 

38 

0880-0369025 

0.28 

20.40 

19.41 

20.0 

16 53 38.070 

-01 58 36.71 

40 

0880-0369044 

0.58 

20.64 

19.42 

18.54 

1653 39.115 

-01 54 12.08 

44 

0880-0369077 

0.68 

20.58 

18.95 

17.05 

16 53 41.410 

-01 59 27.68 


0880-0369078 

2.36 

20.89 

19.29 


16 53 41.438 

-01 59 29.31 

49 

0879-0416658 

0.32 

16.64 

14.60 

14.16 

16 53 42.849 

-02 01 45.09 

59 

0880-0369161 

0.73 

19.05 

16.05 

15.06 

16 53 47.071 

-01 54 04.14 

60 

0881-0336669 

0.37 

20.35 

19.38 


16 53 47.030 

-01 50 54.32 

61 

0878-0449662 

2.87 


19.44 

19.44 

16 53 47.630 

-02 06 13.25 

75 

0879-0416898 

2.27 

18.75 

17.31 

16.49 

16 53 59.085 

-02 03 13.99 

80 

0879-0416929 

0.72 

20.58 

18.62 

17.01 

16 54 01.230 

-02 00 48.46 

97 

0879-0417221 

0.54 

13.94 

12.27 

12.02 

16 54 18.222 

-02 00 19.33 


Fenni-LKT source, OFGL J2339.8-0530 (Kong et al. 2012). 
Another bright X-ray source, CXOU J13 1 147.0—343205, found 
just outside the LAT error ellipse and also previously detected 
by Suzaku, did not show any significant X-ray variability, and 
is a less probable counterpart to the y-ray source. 

In the case of OFGL J1653.4— 0200, the brightest X-ray 
source (CXOU J165338.0— 015836) within the Fermi - LAT 
localization also displays a nonthermal X-ray spectrum from our 
Chandra observation. However, there was no significant X-ray 
variability found within our 20 ks observation, and on the longer 
timescale probed by comparing to a Swift observation obtained 
~10 months earlier. A faint optical counterpart to this X-ray 
source is found, and optical photometric and spectroscopic 
monitoring may be fruitful to test whether this source is similar 
to the case of CXOU J233938. 7— 053305. The second brightest 
Chandra source (CXOU J165341.4— 015927) found within the 
2FGL localization also has an optical/infrared counterpart, and 


has a likely thermal origin for the X-rays. This, and the other 
fainter X-ray sources revealed in our Chandra observation, can 
be similarly investigated to ultimately probe the nature of this 
unidentified y- ray source. 

We thank S. Digel. M. Wolff, E. Hays, and L. Stawarz for 
comments on the manuscript, T. Burnett, E. Ferrara, E. Hays, 
Y. Kanai, J. Kataoka, N. Kawai, M. Kerr, T. Nakamori, P. Ray, 
D. J. Thompson, N. Vilchez, and M. T. Wolff for their support 
and participation in the Chandra observing proposal, and 
members of the Fermi - LAT team for providing the preliminary 
LAT localizations utilized over the course of this work. 
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sities through a contract with NASA; his work at NRL is sup- 
ported in part by NASA DPR S-15633-Y. Support for this work 
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Table 8 

Potential Counterpart Matches to the Chandra X-Ray Sources in the 2MASS Catalog 


N 

2MASS Name 

Offset 

(") 

J (Error) 
(mag) 

H (Error) 
(mag) 

K (Error) 
(mag) 

OFGL J131 1.9-3419 

20 

J131 13441-3429208 

0.64 

14.324 (0.027) 

14.038 (0.038) 

13.998 (0.045) 

45 

J131 14950-3433318 

1.93 

14.449 (0.032) 

13.934 (0.027) 

13.834 (0.037) 

54 

J131 15497-3426426 

0.16 

16.099 (0.100) 

15.444 (0.086) 

14.999 (0.124) 

66 

J1 3 1202 10— 3432341 

0.61 

14.588 (■■•) 

14.629 (0.080) 

13.613 (■■■) 

69 

J 1 3120408—3420263 

2.19 

12.636 (0.026) 

11.960 (0.025) 

11.825 (0.023) 

91 

J1 3 122539— 3425015 

0.42 

11.294 (0.023) 

10.971 (0.023) 

10.892 (0.023) 

OFGL J1653.4— 0200 

8 

J1653 1562— 0158224 

0.35 

16.196 (0.127) 

15.560 (0.147) 

14.292 (0.088) 

28 

J1 6533360— 0152597 

0.89 

8.522 (0.020) 

8.067 (0.020) 

7.996 (0.023) 

44 

J1 6534140— 0159272 

0.27 

15.094 (0.056) 

14.469 (0.059) 

14.147(0.066) 

49 

J 1 6534285—0201450 

0.31 

13.133 (0.023) 

12.575 (0.026) 

12.492 (0.030) 

59 

J1 6534707— 0154041 

0.73 

13.634(0.033) 

12.942 (0.034) 

12.737 (0.036) 

75 

J 1 6535902—0203163 

0.30 

16.488 (0.195) 

15.624(0.153) 

14.575 (0.112) 

80 

J 1 6540 1 2 1—0200480 

0.31 

15.007 (0.057) 

14.380 (0.055) 

14.043 (0.076) 

97 

J16541823— 0200193 

0.59 

11.079 (0.021) 

10.696 (0.023) 

10.539 (0.022) 


was partially provided by the National Aeronautics and Space 
Administration through Chandra Award Number GOO- 1 1022 A 
(C.C.C. and D.D.) issued by the Chandra X-ray Observatory 
Center, which is operated by the Smithsonian Astrophysical Ob- 
servatory for and on behalf of the National Aeronautics Space 
Administration under contract NAS8-03060. 

Facilities: CXO, Swift 

APPENDIX A 
X-RAY SOURCE LISTS 

This section lists the X-ray properties of all sources de- 
tected in the four ACIS-I chips of the Chandra fields (see 
Section 2.1). In Table 5 (OFGL J13 11.9-3419) and Table 6 
(OFGL J1653.4— 0200), sources are listed with their catalog 
numbers (AO in order of increasing R.A. with coordinates in 
J2000.0. Listed also are the source localization errors (r), its 
distance from the Chandra aim point (Z>), the effective area 
(A e ff) at the source position at 1.5 keV (lower values indicate 
sources located closer to the chip gaps and edges), the loga- 
rithm probability from the KS test for variability (log Pk-s), 
and the net counts, significances (er), and probability (If,) 
that the source counts are solely from the background in the 
0.5-8 keV, 0.5-2 keV, and 2-8 keV bands. Following Broos 
et al. (2010), we considered only sources with more than four 
net counts in the full band and not near the CCD chip edges, 
and found five sources in each of the ACIS-I fields to be possi- 
bly variable (0.005 < P K -s < 0.05)— OFGL J131 1.9-3419 
(N34, N49, N76, N88, and N89) and OFGL J1653.4-0200 
(N14, N37, N70, N81, and N92). There is no evidence for vari- 
ability (Ac-s > 0.05) in the remaining sources. The analysis 
described in Section 2.1 also provides an afterglow fraction, 
which, if >0, indicates that the source is possibly contaminated 
by afterglow events and their significance could be lower than 
quoted and the source position, spectrum, and/or light curve 
are potentially affected. The sources flagged in this way were 
J131 145.71— 343030.5 (N35), J131 147.03-343205.2 (N39), 
J 13 1226.81 —343029.7 (N93), J 1653 15.60— 015822. 1 (N8), 
J165323. 22— 020451.2 (N14), J165325.88— 015 107.7 (N19), 


J 165333.54—015259.5 (N28), J165338.05-015836.6 (N38), 
and J 165359.02—0203 16.0 (N75). 

APPENDIX B 

OPTICAL, NEAR-INFRARED, AND MID-INFRARED 
COUNTERPARTS 

We cross-matched the Chandra X-ray source lists 
(Appendix A) for OFGL J131 1.9-3419 and OFGL J1653.4- 
0200 with the USNO B1.0 optical, 2MASS near-infrared, and 
WISEP mid-infrared catalogs. The WISE bands are in the 3.4 
(Wl), 4.6 {W 2), 12 (W3), and 22 jim ( W4 ) bandpasses. In or- 
der to include as many potential matches as practical, we used 
a relatively liberal search radius of 3" from the Chandra posi- 
tions, although a comparison of the Chandra images with the 
optical/IR ones shows the most believable counterparts have 
< 1 "-2" offsets. Out of the 97 sources found in each of the 
Chandra fields, we located potential USNO B1.0 counterparts 
for up to 17 (one with two optical matches) and 16 (four with 
two optical matches) X-ray sources in the OFGL J 131 1.9— 3419 
and OFGL J1653.4— 0200 fields, respectively (Table 7). In the 
2MASS catalog, we found up to six and eight matches for these 
respective fields (Table 8). In the WISEP catalog, there were 
up to 25 and 21 matches, respectively (Table 9). All 2MASS 
matches were also found in the USNO B1.0 and WISEP cat- 
alogs. In the OFGL J131 1.9-3419 and OFGL J1653.4-0200 
fields, seven and three WISEP sources respectively, had USNO 
B1.0 counterparts but no 2MASS ones. There were 12 and 10 
WISEP matches with X-ray sources without matches in the 
USNO B1.0 and 2MASS catalogs in the two respective fields. 

To quantify possible systematic errors in the Chandra po- 
sitions, we calculated the differences, 5(R.A., deck) = (R.A., 
decl.)usNO — (R.A., dcc\.)chandra, for all X-ray sources with 
>4 net counts and detected at >1.0a that are within 1" of a 
USNO source. For 11 sources in the OFGL J1311.9— 3419 and 
10 sources in the OFGL J1653.4— 0200 fields, we found average 
offsets, <$(R.A„ deck) = (-0?06 ± OC'44, -0'.'08 ± 0'.'44) and 
(0'.'36 ± 0'.'34, O’.' 3 7 ± O'.' 18), respectively. Thus, only the X-ray 
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Table 9 

Potential Counterpart Matches to the Chandra X-ray Sources in the WISEP Catalog 


N 

WISEP Name 

Offset 

Wl (Error) 

W2 (Error) 

W3 (Error) 

W 4 (Error) 



(") 

(mag) 

(mag) 

(mag) 

(mag) 

OFGL J131 1.9— 3419 

13 

J1 3 1129.38— 343134.0 

0.77 

16.899 (0.150) 

15.992 (0.232) 

12.732 (■■•) 

8.665 ( ■ • ■ ) 

20 

J13 11 34.41— 342920.6 

0.78 

13.853 (0.031) 

13.840 (0.047) 

12.449 (•••) 

8.534 ( ■ ■ ■ ) 

29 

J13 1142. 16— 342955.8 

2.56 

16.397 (0.101) 

16.042 (0.233) 

12.343 (■■■) 

9.180 (••• ) 

31 

J1 3 1143.72—342749.9 

0.18 

15.790 (0.067) 

15.302 (0.128) 

11.432(0.169) 

7.954(0.193) 

32 

J1 3 1143.98—342500.4 

0.28 

15.518 (0.057) 

15.039 (0.111) 

12.290 (0.364) 

9.219 ( ■ • ■ ) 

34 

J13 1145.72—3433 12.4 

1.50 

16.197 (0.080) 

15.527 (0.150) 

12.766 (•••) 

9.008 ( ■ ■ ■ ) 

39 

J13 1147.09—343205.3 

0.69 

15.720 (0.063) 

14.949 (0.095) 

12.226 (0.333) 

9.056 (0.463) 

40 

J1 3 1147. 15—342953.5 

1.25 

16.846 (0.152) 

16.408 (0.345) 

12.443 (■■•) 

8.721 ( ■ •■ ) 

43 

J1 3 1 149.24 — 3438 17.3 

0.30 

16.639 (0.135) 

15.609 (0.177) 

12.457 (0.450) 

8.850 ( ■ • ■ ) 

45 

J13 1149. 5 1—343331.4 

1.57 

13.762 (0.030) 

13.750 (0.043) 

12.498 (■■■) 

9.219 ( ■ ■ ■ ) 

54 

J13 1154.98— 342642.1 

0.63 

14.474 (0.034) 

14.207 (0.060) 

12.009 (•••) 

8.806 ( ■ ■ ■ ) 

55 

J1 3 1156.02— 342124.8 

2.32 

16.738 (0.149) 

16.522 (0.405) 

12.550 ( • ■ ■ ) 

8.838 (■•■) 

64 

J1 3 1 159.49 — 343553.6 

2.03 

16.539 (0.115) 

15.237 (0.121) 

12.548 (0.448) 

8.655 ( ■ ■ ■ ) 

65 

J13 1200.45— 343231.4 

0.56 

16.542 (0.115) 

15.604(0.168) 

12.172 (•••) 

9.120 ( ■ ■ ■ ) 

66 

J13 1202. 10— 343235.1 

1.19 

13.230 (0.027) 

13.058 (0.033) 

10.312(0.069) 

7.975 (0.197) 

69 

J1 3 1204.09— 342026.3 

2.27 

11.709(0.025) 

11.669 (0.023) 

11.842 (0.234) 

9.138 (■•■) 

70 

J131203. 88-343652.3 

1.11 

17.032(0.187) 

15.248 (0.125) 

12.540(0.480) 

9.006 ( ■ • ■ ) 

75 

J13 1206. 11— 343151.3 

1.15 

16.081 (0.107) 

15.533 (0.173) 

12.090 ( • • • ) 

8.641 ( ■ • ■ ) 

76 

J13 1206. 16— 343446.8 

2.86 

13.466 (0.027) 

13.034 (0.034) 

11.171 (0.134) 

8.687 (0.379) 

77 

J13 1206.59—342909.6 

0.76 

16.366 (0.109) 

16.211 (0.303) 

12.652 ( ■ ■ ■ ) 

8.773h ( • ■ • ) 

78 

J1 3 1207.47— 343107.8 

0.89 

16.417 (0.112) 

16.119(0.291) 

12.307 (■■•) 

8.833 (■•■) 

82 

J1 3 1209. 82— 343438.9 

1.67 

15.317(0.050) 

15.059 (0.106) 

12.203 (■■■) 

8.669 (0.336) 

87 

J13 1220.24— 342930.7 

0.94 

16.492 (0.122) 

16.160 (0.281) 

12.384 (0.416) 

8.948 ( ■ ■ ■ ) 

89 

J131223. 15-342912.2 

0.57 

15.169 (0.049) 

14.785 (0.087) 

11.711 (0.228) 

8.504 ( ■ • ■ ) 

91 

J1 3 1225. 40— 342501.5 

0.50 

10.817(0.024) 

10.806 (0.022) 

10.612(0.086) 

8.546 ( ■ • ■ ) 

OFGL J1653.4— 0200 

2 

J165307. 76— 015955.5 

1.46 

15.841 (0.069) 

14.383 (0.066) 

11.470 (0.180) 

8.545 (0.373) 

3 

J165309.03— 020139.0 

0.70 

15.791 (0.064) 

15.597 (0.163) 

12.478 (■■■) 

9.131 (■•■) 

4 

J165309. 82— 015915.2 

1.70 

15.608 (0.060) 

15.257 (0.128) 

12.032 (•••) 

9.141 (■ •■ ) 

7 

J165315. 14-020314.2 

1.48 

16.552(0.113) 

16.642 (0.403) 

12.076 (•■•) 

8.810 ( ■ - ■ ) 

8 

J1653 15. 62— 015822.3 

0.41 

12.599 (0.025) 

11.578(0.025) 

9.208 (0.037) 

7.364(0.113) 

11 

J1653 18.45— 015432.3 

2.45 

16.885 (0.154) 

16.508 (0.376) 

12.306 (0.388) 

8.957 ( ■ • ■ ) 

14 

J165323. 24— 02045 1 . 1 

0.34 

16.240 (0.089) 

15.220 (0.121) 

12.150 ( • ■ • ) 

9.074 ( ■ • ■ ) 

25 

J165329. 94— 015826.7 

1.78 

15.589 (0.057) 

15.529 (0.159) 

12.340 ( • ■ ■ ) 

9.112 (■•■ ) 

28 

J165333. 57— 015259.6 

0.38 

7.934 (0.021) 

7.990 (0.023) 

7.915 (0.023) 

7.926 (0.198) 

36 

J165337. 19-020442.5 

0.41 

16.385 (0.093) 

16.687 (0.417) 

12.783 (■■■) 

9.083 ( ■ ■ ■ ) 

44 

J165341.41— 015927.6 

0.65 

14.057 (0.031) 

13.843 (0.046) 

12.569 (•••) 

8.667 ( ■ • ■ ) 

49 

J165342. 83— 020145.1 

0.25 

12.420 (0.026) 

12.429 (0.027) 

12.292 (0.413) 

9.014 ( ■ • ■ ) 

51 

J165343. 52— 015840.6 

0.69 

16.245 (0.100) 

16.366 (0.352) 

12.612 (•••) 

8.882 ( ■ • ■ ) 

59 

J165347. 05— 015404.4 

0.77 

12.649 (0.025) 

12.584 (0.029) 

12.148 (•■■) 

8.501 (■•■) 

60 

J165347. 06— 015053.8 

0.35 

17.021 (0.174) 

15.530 (0.153) 

12.586 (0.493) 

8.923 ( ■ • ■ ) 

67 

J165350.45— 015509.2 

0.86 

15.655 (0.066) 

14.910(0.098) 

12.186 (0.365) 

8.562 ( ■ • ■ ) 

75 

J165359.08— 020313.9 

2.29 

12.765 (0.025) 

12.142 (0.025) 

9.840 (0.050) 

7.213 (0.095) 

80 

J165401. 19-020048.3 

0.34 

14.007 (0.030) 

13.776 (0.045) 

1 1.992 ( ■ ■ ■ ) 

9.009 ( ■ • ■ ) 

86 

J165405. 67— 015905.1 

0.57 

15.748 (0.061) 

14.702 (0.083) 

11.254(0.155) 

8.766(0.431) 

87 

J165406.9 1 —020540. 1 

0.73 

17.036(0.182) 

15.394(0.140) 

11.672 (0.208) 

8.533 ( ■ • ■ ) 

97 

J165418.21— 020019.3 

0.49 

10.490 (0.023) 

10.515 (0.021) 

10.583 (0.088) 

8.850 ( • • ■ ) 


Notes. A single source is flagged with an “h” in the W 4 band (J1 3 1206.59—342909.6, N77) as being possibly spurious or with photometry contaminated by scattered 
light from a nearby bright source. 


positions in the OFGL J1653.4— 0200 field appear to have a 
significant systematic offset amounting to r syst . = O'. 52 ± 0!39. 
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